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Figure 1: a) Novel wearable haptic display RecyGlide. b) The user with RecyGlade and Tracking SystemHTC c) VRAppications
ABSTRACT
Haptic devices have been employed to immerse users in VR envi-
ronments. In particular, hand and finger haptic devices have been
deeply developed. However, this type of devices occlude the hand
detection by some tracking systems, or in other tracking systems, it
is uncomfortable for the users to wear two hand devices (haptic and
tracking device). We introduce RecyGlide, which is a novel wear-
able forearm multimodal display at the forearm. The RecyGlide
is composed of inverted five-bar linkages and vibration motors.
The device provides multimodal tactile feedback such as slippage,
a force vector, pressure, and vibration. We tested the discrimina-
tion ability of monomodal and multimodal stimuli patterns in the
forearm, and confirmed that the multimodal stimuli patterns are
more recognizable. This haptic device was used in VR applications,
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and we proved that it enhances VR experience and makes it more
interactive.
CCS CONCEPTS
• Human-centered computing→ Haptic devices.
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1 INTRODUCTION
Recently, several VR applications have been proposed inmany fields:
medicine, design, marketing, etc. , and to improve user immersion
new methods or instruments are need. Haptics provides a solution,
and enhances user experience using stimuli [3]. Most of the haptics
devices are located in the palm or fingers. However, in some cases
the haptic device position is a problem because VR Hand Tracking
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Systems need a free hand (Leapmotion) or a hand instrument (HTC)
to recognize the position. Therefore, we propose a novel multi-
modal haptic display located in the forearm.
Various haptic devices have been developed in the forearm with
mono-modal stimulus [2, 4]. However, they have a persistent prob-
lem: users have more difficulty perceiving a stimulus in the forearm.
The forearm is a not advantageous zone since it does not have as
many nerves as the palm or fingertips have. Consequently, our
device produces multi stimuli for improving user perceptions. Fur-
thermore, multimodal stimuli experiments have been employed on
the user’s hands, where the results show improvements in patterns
recognition [1].
RecyGlide is a novel forearm haptic display to provide multi-
modal stimuli. RecyGlide consists of one inverted five-bar linkage
2-DoF system installed parallel to the radius, which produce a slid-
ing force along the user’s forearm. The second stimulus is vibration;
two vibration motors are placed in the device’s edges (see Fig. 2
(b)). The schematic and 3D representation are shown in Fig 2.
The user study aims to identify the advantages of multimodal
stimuli use in comparison with monomodal sensations. The experi-
ment consists of multimodal and monomodal pattern recognition
by users. In our hypothesis, two tactile channels could improve the
perception of patterns.
2 DEVICE DEVELOPMENT
RecyGlide provides the sensation of vibration, contact at one point,
and sliding at the user’s forearm. The location of the haptic contact
point is determined using kinematics model of inverted five-bar
linkages, inspired by LinkTouch technology [5]. The second stimu-
lus is generated by two vibration motors located on the extreme
sides of the device. The two types of stimuli allow creating differ-
ent patterns at the forearm. Also, it could be used to interact with
the VR environment, e.g., the sensation of submerging in liquids,
the felling of an animal movement in the forearm, or information
delivery about the relative location.
The device has 2-DOF defined by the action of two servomotors.
The slippage stimulus is produced by the movement of the motors
in the same direction. Conversely, the movement of the motors in
the opposite direction generates the force stimulus. The derivation
of the previous stimuli creates other stimuli like temperature or
pressure.
RecyGlide location is convenient for hand tracking systems.
Commercial tracking systems have different principles to achieve
their objective. However, the use of a device in hand decreases the
performance. In the case of a visual track, if the haptic device is
located in hand, the typical shape of the hand changes producing
poor tracking performance. For systems with trackers like HTC,
it is uncomfortable for the user to wear two devices in hand. The
device has been designed to adapt ergonomically to the user’s fore-
arm, allowing free movement of the hand when working in the
virtual reality environment.
The technical characteristics are listed in the Table 1. The table
shows the type of servomotors,and also the weight, the material of
the device.
RecyGlide is electronically composed by an Arduino MKR 1000,
servomotors and vibration motors. This Arduino model helps for
(a) Isometric view of the 3D model.
(b) Front view of the 3D model.
Figure 2: 3D CAD model of wearable tactile display.
Table 1: Technical specification of RecyGlide.
Motors Hitec HS-40
Weight 95д
Material PLA and TPU 95A
Max. normal force at
contact point 2 N
IoT applications because of its wifimodule. The Arduino is in charge
of signal generation to the motors and communication wifi TCP/IP
to the computer. The device maintains constant wifi communica-
tion with the computer throws a python script. A virtual socket
transmits the data from python to the VR application in Unity.
In the experiment, a TCP/ IP server in Arduino was designed.
The server provides direct access to the device, avoiding the use of
the computer. This utility allows generating apps for cellphones
too.
3 USER STUDY
The objective of the following experiment is to analyze the user’s
perception and recognition of patterns when mononodal and mul-
timodal stimuli are rendered on the forearm, and to determine if
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the multimodal stimuli increase the user’s perception of the con-
tact point position. The first user experience is a contact stimulus
over the cutaneous area by the sliding action of the contact point
generated by the inverted five-bar linkages device. The second user
experience implements stimuli by the combination of vibrating mo-
tors and the sliding of the contact point generated by the inverted
five-bar linkages device. The results of the experiment will help to
understand if the multimodal stimuli improves the perception the
position generated by RecyGlide device.
3.1 Experimental Design
Figure 3: (a)Displacement patterns: (A) Small Distance (SD):
progress of 25% , (B) Medium Distance (MD)progress of 50% ,
(C) Large Distance (LG): progress of 75% , (D) Small Distance
with vibration (SDV): progress of 25%, (E) Medium Distance
with vibration (MDV): progress of 50%, (F) Large Distance
with vibration (LDV): progress of 75%.
For the execution of this experiment, a pattern bank of 6 differ-
ent combinations between displacement and vibratory signals was
designed and is shown in the Fig. 5. In the first group of patterns, A
(Small Distance (SD): progress of 25%), B (Medium Distance (MD):
progress of 50%) and C (Large Distance (LG): progress of 75%), where
monomodal stimuli are delivered; the second group, D (Small Dis-
tance with vibration (SDV): progress of 25%), E (Medium Distance
with vibration (MDV): progress of 50%) and F (Large Distance with
vibration (LDV): progress of 75%), includes multimodal stimuli.The
vibration is delivered progressively according to the position of the
contact point: while the position of the contact point is nearest to
the edge where the vibration motor is located, the vibration fre-
quency is higher; when the contact point is located at the middle
distance, the vibration is the same in both vibration motors. The
higher frequency used in the vibration motors is equal to 500Hz.
The sliding speed of the contact point over the skin is constant and
has a value of 23mm/s .
3.2 Experimental Setup
The user was asked to sit in front of a desk, and to wear the
RecyGlide device on the right forearm. The device was connected
to one Arduino MKR1000. From the python console, the six patterns
were sent to the micro-controller throw TCP/IP communication. To
reduce the external stimuli, the users wear headphones with white
noise. A physical barrier interrupted the vision of the users to their
right arm. Before each section of the experiment, a training session
was conducted, where all the patterns were delivered to the users
five times. Six participants volunteering complete the experiments,
two women and four men, with an average age of 27 years old.
Each pattern was delivered on their forearm five times in a random
order.
3.3 Results
To summarize the data obtained in the experiment, a confusion ma-
trix is tabulated in the Table 2. The diagonal term of the confusion
matrix indicates the percentage of correct responses of subjects.
Table 2: Confusion Matrix for Patterns Recognition.
Category Answers(predicted class)
SD MD LD SDV MDV LDV
Pa
tte
rn
s
Small Distance (SD) 77 20 3 0 0 0
Medium Distance (MD) 0 80 20 0 0 0
Large Distance (LD) 3 3 93 0 0 0
Small Distance Vibration (SDV) 0 0 0 97 0 3
Medium Distance Vibration (MDV) 0 0 0 3 93 3
Large Distance Vibration (LDV) 0 0 0 0 0 100
The results of the experiment revealed that the mean percent
correct scores for each subject averaged over all six patterns ranged
from 80 to 96.7 percent, with an overall group mean of 90.6 per-
cent of correct answers. Table 1 shows that the distinctive patterns
LDV and SDV have higher percentages of recognition 100 and 97,
respectively. On the other hand, patterns MD and SD have lower
recognition rates of 80 and 77 percent, respectively. For most par-
ticipants, it was difficult to recognize pattern SD, which usually
was confused with pattern MD. Therefore, it is prove the require-
ment of more distinctive tactile stimuli (vibration) to improve the
recognition rate.
The ANOVA results showed a statistically significant differ-
ence in the recognition of different patterns (F(5, 30) = 3.2432, p =
0.018532< 0.05). The paired t-tests showed statistically significant
differences between the SD and SDV (p=0.041<0.05), and statisti-
cal difference between MD and MDV (p=0.025<0.05). This results
confirm our hypothesis, that the multimodal stimuli improves the
perception of the humans in the forearm for short distances. How-
ever, the results of paired t-tests between the long distances with
and without vibration do not reveal significant differences, thus for
long distances perceptions, the multimodal stimuli are not required.
4 APPLICATIONS
For the demonstration of RecyGlide, some applications were de-
veloped using the game engine Unity 3D. The SubmergingHand
application clearly illustrate how the device improves the user im-
mersion in a virtual reality environment. The device provides a
sensation of the liquid level by the position of the contact point in
the forearm. The viscosity of the liquid is represented by the normal
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force applied in the contact point. When the liquid is viscous, the
applied force is high and the vibration motors work in a higher
frequency. The application is shown in the Fig. 4.
Figure 4: Submerging Hand : moving the contact point the
user recognizes the immersion in the liquid.
The application "Boundaries Recognition" is an example of how
our device helps to perceive the VR environment. Habitually VR
users go forward the object boundaries and don’t respect the physics
limits of static objects in the scene, such as walls and tables. Re-
cyGlide informs the boundary collision of the hand tracker by
activating the vibration motors and moving the contact point to
one of the two sides, which is call collision side.
Figure 5: Boundaries Recognition: The display informs
when the user has crashed whit an environment boundery
These two applications are basic examples, that can be applied
in more complex ones. Additionally, the patterns can represent
the current state of some variable or environment characteristic;
for example, they can communicate the tracker battery status, the
selected environment or the distance to an objective, etc.
4.1 Conclusions
We proposed a new haptic device in the forearm and made some ex-
periments with it. Due to the results of the experiment, we demon-
strated that multimodal stimuli patrons are easily recognizable.
Therefore we consider that the device is suitable for communicat-
ing some VR messages through the use of patterns.
Though the forearm is not an advantageous area, the device
has excellent performance and improves VR realism and the user
immersion. The feeling of submersion in liquids can be used in
numerous applications such as summing simulators, medical op-
erations, games, etc. Boundaries collision detection is useful for
all kind of VR applications because it is a constant problem in VR
environments.
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